First, the creation of a free neutron spinless pairs in a inelastic neutron-scattering experiments, connected with investigation of the superfluid liquid 4 He, is predicted. The results show that the presence of a macroscopic number of condensate atoms in the superfluid liquid 4 He, and also the interparticle S-wave scattering between neutrons and atoms leads to a creation of free neutron spinless pairs, in addition to the Bogoliubov's quasiparticles. The calculation of a binding energy of neutron pair, at higher momenta is presented.
Introduction.
The motivation for our theoretical study of the very low-temperature properties of the dilute hard sphere Bose gas is an attempt at a microscopic understanding of superfluidity in 4 He. We proceed by discussing some experimental and theoretical investigations.
The connection between the ideal Bose gas and superfluidity in helium first made by London [1] in 1938. The ideal Bose gas undergoes a phase transition at sufficiently low temperatures to a condition in which the zeromomentum quantum state is occupied by a finite fraction of the atoms. This momentum-condensed phase was postulated by London to represent the superfluid component of liquid 4 He. With this hypothesis, the beginnings of a two-superfluid model of superfluids was developed by Landau [2] where he predicted the notation of a collective excitations so-called phonons and rotons.
The purely microscopic theory with mostly utilizes technique first described by Bogoliubov [3] within the model of weakly nonideal Bose-gas with the interparticle S-wave scattering. Based on the application of presence a macroscopic number of condensate atoms, the Bogoliubov has dropped a density operator term which describes the atoms above the momentum -condensed phase, and the continuos dispersion curve for single particle Bogoliubov's excitations was obtained. In this respect, the single particle Bogoliubov's excitations represent as a phonons, at low momenta, and as a free atoms, at higher momenta.
The dispersion curve of an excitations excited in superfluid helium has been accurately measured as function from momentum [4] . Within this experiment, the position of a sharp peak inelastic neutron scattering intensity defines by energy of the single particle excitations, and there is appearing a broad component in inelastic neutron scattering intensity, at higher momenta of atoms. The authors of papers [5] [6] [7] [8] proposed to consider the presence of collective modes in the superfluid liquid 4 He, which are represented as a density excitations and density quasiparticles. In these works, these density excitations are appeared due to remained density operator term for describing atoms above the condensate, which was neglected by Bogoliubov. In this letter, we show that the presence of a macroscopic number of condensate atoms in the superfluid liquid 4 He represents as suppressor for collective modes as well as the creator for a single-particle Bogoliubov's excitations. In this respect, we demonstrate that there are creating a neutron pars in the superfluid helium, and at high momenta of atoms, the binding energy of neutron spinless pairs is estimated. Consequently, we can say that the reflected particles from the superfluid helium are detecting by neutron spectrometer, are a spinless neutron pairs.
2.Analysis.
The starting point our investigation is a main part of Hamiltonian of a system consisting of N identical atoms with mass m in box of volume V which is expressed in the second quantization form as:
Hereâ + p andâ p are, respectively, the "creation" and "annihilation" operators of a free atoms with momentum p; U p is the Fourier transform of a S-wave pseudopotential in the momentum space:
where d is the scattering amplitude; and the Fourier component of the density operator is:
According to the Bogoliubov's theory [3] , it is a necessary to separate the atoms in the condensate from those atoms filling states above the condensate. In this respect, the operatorsâ 0 andâ This assumption leads to a broken of Bosesymmetry law for atoms occupying in the condensate state. To be refused from a broken Bose-symmetry law for bosons in the condensate, we apply the Penrose-Onsager's definition of the Bose condensation [9] :
This reasoning is a very important factor for microscopic investigation of the model nonideal Bose gas because the presence of a macroscopic number of atoms in the condensate means N 0 >> N p =0 (where N p =0 is the occupation number of atoms with momentum p = 0), which also can be presented by a following approximation for an occupation number of atoms with momentum p:
We emphasize here that the approximation (5) presents as a main point for our investigation because it leads to new properties for a Bose-operators:
and lim N 0 →∞â
As we know, the density operator̺ p in (3) contains a description of the density-quasiparticles presented in [8] by a following way:
whereĉ p is the Bose-operator "annihilation" of a free density-quasiparticles with momentum p.
The application of (6,7) transforms the operatorĉ p to a term of Boseoperator "annihilation" of a free atom:
The obtained result in (8) determines the density operator̺ p in a form presented by Bogoliubov [3] :
Now we consider the density operator, presented by a theory in [4] [5] [6] , which has a following form:
where terms involving p 1 = 0 and , p 1 = p are written separately; and the operator̺ p describes the density-excitations:
Obviously, using of (6,7), we get to a destruction of density-excitations:
As we see, in the case of works [5=7], there is an equation (9) . Obviously, the density operator, presented by (9), reproduces a form of the Hamiltonian of Bogoliubov:
is the velocity of sound in the Bose gas which depends on the density atoms in the condensate.
By using a Bogoliubov linear transformation [3] :
: we can rewrite a diagonal form of the Bogoliubov's HamiltonianĤ
whered + p andd p are the "creation" and "annihilation" operators of a Bogoliubov's quasiparticles with energy:
Consequently, the energy of Bogoliubov's quasiparticles depends on the density of atoms in the condensate, which in turn is determined by a following form:
whereb + pb p is the average number of a Bogoliubov's quasiparticles with the momentum p which equals to:d
As we see, the main feature of a single-particle Bogoliubov's excitations is appeared at critical temperature T c when N 0 V = 0. In this respect, the energy Bogoliubov's quasiparticles is transformed to the energy of free atom ε p = 
The effective attractive potential interaction between neutrons.
According to above-mentioned approach, we demonstrate that a neutron pars in the superfluid helium are appeared always. Indeed, consider a Bose gas of N identical helium atoms interacting with a Fermi gas consisting of n identical neutrons with mass m n by a repulsive S-wave pseudopotential. The Hamiltonian of such system is expressed in the second quantization form as:
where U p,n is the Fourier transform of the attractive S-wave scattering between neutrons and atoms
where d n is the scattering amplitude between atom and neutron; µ = 
The density operator of neutrons with spin σ in momentum p is defined as̺
The operator of total number of neutrons is
Obviously, the density operator in the term of the Bogoliubov's quasiparticles is expressed by following form, due to application (13) into (10):
Also, we note that the operators for Bogoliubov's quasiparticlesd p and fermionsb p,σ is an independent.
Inserting (24) into (19) leads to reducing the Hamiltonian of systemĤ n :
To allocate anomalous terms in the Hamiltonian of system in (25), we apply the canonical transformation for an operatorĤ n within introducing a new operatorH:H
which decays
where the operators represent as:
and satisfy to a conditionŜ + = −Ŝ In this respect, we assume that
where A p is the unknown real symmetrical function from a momentum p. To find A p , we substitute (28) and (19) into (27), and then:
and
Then, the form of new operatorH in (27) is reduced to a following form:
Removing a second and fifth terms in right part of (31) implies a transformation of interacting part between atoms and neutrons. In this respect, we obtain a quantity for A p :
Then, the introducing (32) into a fourth and sixth terms in right part of (31), and making a some calculations in turn yields the new form of Hamiltonian system:
where V p is the effective attractive potential of interaction between neutrons in momemtum space:
in (15) as well as L p ≈ 0 in (18), and then
which can be rewritten by the term of so-called an effective charge e * :
where
The effective attractive potential between neutrons in a coordinate space is presented by following formulae:
which has a similar form as the attractive Coulomb interaction between charged particles. In analogy of the problem Hydrogen atom, the two neutrons with opposite spins is bound as the one spinless pair with binding energy:
where l is the natural number; const > 0 Consequently, there are a spinless neutron pairs with mass m 0 = 2m n . These new particles are created by collision of neutrons with atoms of a superfluid liquid 4 He. In summary, our aim here has been to show a fresh approach for investigation of a thermodynamic properties superfluid liquid 4 He. By introducing a new sort approximation as (5), we predicted a presence of single particle Bogoliubov's excitations and creation spinless neutron pairs
In this respect, we can suggest that a presence of spinless neutron pairs connected with appearing of a broad component in inelastic neutron scattering intensity, at higher momenta of atoms in a superfluid liquid 4 He presented by experiment [4] .
